A study was conducted to evaluate effects of dietary crude protein (CP) level and Gly and Thr supplementation on performance of male broiler chicks during the period of 0 to 21 days. Diets were formulated based on NRC (1994) recommendations (Lysine at 110% of suggested level). All diets were formulated to contain 3,200 ME kcal/kg. A minimum dietary electrolyte balance of 250 meq/kg was stipulated with a minimum of 0.25% sodium and 0.20% chloride. Five primary diets were formulated to contain 16%, 18%, 20%, 22%, and 24% CP. The diets were then supplemented with additional 0, 0.2%, 0.4% Gly or 0, 0.2%, 0.4% Thr in all possible combinations resulting in a 5x3x3 factorial arrangement. Each of the 45 treatments was fed to six replicate pens of five male commercial broilers. The test diets and tap water were provided for the ad libitum consumption from 1 to 21 d of age. At 21 d of age body weight and feed consumption were determined. Reducing dietary protein below 22% significantly reduced 21 d BW and depressed feed conversion. Addition of 0.2 or 0.4% Gly significantly improved BW and numerically improved feed conversion at lower levels of protein but at protein levels of 20% or more the basal diets appeared to provide sufficient Gly. These data suggest that requirements for Gly suggested by NRC (1994) are inadequate in diets with low CP. Thr supplementation was ineffective in improving performance at low CP levels suggesting that the present recommendations of NRC (1994) are adequate. Mortality did not vary significantly among chicks receiving all experimental diets.
Introduction
Supplementation of poultry diets with synthetic amino acids may improve the overall amino acid balance and enable a reduction in the crude protein level. It has been consistently demonstrated that addition of Lys and Met to broiler diets successfully reduces the crude protein level in diets to a point without adversely affecting the broiler performance Waldroup et al., 1976; Uzu, 1982; Uzu, 1983) . When formulating such low protein diets, the balance among the essential amino acids (EAA) are assumed to be of great importance since the reduction of dietary protein content can only be effective when the EAA requirements of chicks are met. The minimum level to which it is theoretically possible to decrease the dietary protein content is related in part to the balance required by chicks. However, performance declines as the crude protein level is further reduced even if all known amino acid requirements are satisfied (Edmonds et al., 1985; Fancher and Jensen, 1989a,b,c; Bregendahl et al., 2002; Si et al., 2004a; Jiang et al., 2005) . Threonine was discovered over 60 years ago and is considered to be the third limiting amino acid for broilers fed corn-soybean meal diets (Fernandez et al., 1994) . Davis and Austic (1982) demonstrated that adding individual amino acids other than Thr or groups of amino acids to a diet that was marginally adequate in Thr resulted in growth depression and this effect could be prevented by supplementation of additional Thr to the diet. Kidd et al. (2000) pointed out that crude protein levels of broiler diets fed by commercial companies did not result in a Thr deficiency. However, marginal reductions in the dietary CP might render the diets deficient in Thr. Rangel-Lugo et al. (1994) stated that raising the amino acid content of the diet increased the Thr requirement expressed as the Thr concentration in the diet. However, when Fancher and Jensen (1989c) added Thr to a 16% CP diet at 10% over NRC (1994) recommendations there was no significant effect o n body weight gain. Glycine was first shown to be needed in the diet of growing chickens by Almquist et al. (1940) and Almquist (1942) . Gly affects protein synthesis not only as a building block for protein itself, but is required for the formation of DNA, RNA, creatine, and uric acid (Ngo et al., 1977) . Gly is considered as a semi-essential amino acid in young broiler chicks (Graber and Baker, 1973) since chicks can synthesize Gly, but there is still a considerable requirement for Gly to be supplied via the diet. With uric acid being the primary end product of nitrogen excretion in broilers, this increases the metabolic requirement for Gly since each molecule of uric acid formed represents a loss of one molecule of Gly for chicks (Sonne et al., 1946) . Almquist and Grau (1944) stated that Gly was an indispensable amino acid mix with highly available sources of minerals was used. for maximal chick growth. Douglas et al. (1958) reported
The composition of diets is shown in Table 1 . that Gly was a limiting amino acid in their corn-soybean
The experimental treatments consisted of a complete meal diet as additional Gly resulted in an improved factorial arrangement with five levels of crude protein growth performance of chicks. Waterhouse and Scott (16%, 18%, 20%, 22%, and 24%) , three additional levels (1961) found that the effect of Gly was more pronounced of Gly (0, 0.2%, and 0.4%) and three additional levels of at the lower levels of protein and decreased as the Thr (0, 0.2%, and 0.4%) in all possible combinations for protein increased until it had almost no effect when the a total of 45 dietary treatments. Supplementation of the CP level reached 36%. Featherston (1975) and Ngo and amino acids was made at the expense of corn starch Coon (1976) also demonstrated that the Gly using aliquots of a common mix of each of the five crude supplementation had a positive effect on the protein levels. Each of these 45 treatments was fed to performance of chicks. However, Cave (1978) reported six replicate pens of five male chicks. Diets were that the high-level inclusion of Gly depressed the growth provided in mash form. performance of chicks. Baker and Sugahara (1970) indicated that Thr might reduce the dietary need for Gly.
Chicks and housing: Male chicks of a commercial Previous studies from our laboratory have indicated that broiler strain were obtained from a local hatchery where reducing the dietary protein below 20% results in a they had been vaccinated in ovo for Marek's disease and significant reduction in the live performance of chicks up had received vaccinations for Newcastle Disease and to 21 d, even though indispensable amino acids were Infectious Bronchitis post hatch via a coarse spray. They greater than the 110% of NRC (1994) recommendations were randomly assigned to compartments in electrically (Si 2004 a,b,c) . In a study by Jiang et al. (2005) the heated brooders with raised wire floors. Five chicks addition of 0.2% Gly but not 0.2% Pro, 0.2% Arg, or 0.4%
were placed in each of 270 compartments. The test Glu gave significant improvement in low CP diets but did diets and tap water were provided for ad libitum not support performance equal to that of diets with 22% consumption from 1 to 21 d of age. Continuous 24 hr CP. The purpose of the present study was to investigate fluorescent lighting was provided. Care and the influence of diets with various CP levels management of the chicks followed recommended supplemented with different levels of Gly and Thr on the guidelines (FASS, 1999) . performance of male broilers from 0 to 21 d of age.
Materials and Methods
Diet formulation: Diets were formulated to provide a minimum of 100% of NRC (1994) amino acid recommendations for the 0 to 21 d old chick with Lys at a minimum of 110%. Corn and soybean meal served as the primary ingredients. The corn and soybean meal were analyzed for crude protein prior to diet formulation using Association of Official Agricultural Chemists (AOAC, 1970) procedures. Five primary diets were formulated to contain 16%, 18%, 20%, 22%, and 24% CP. The crude protein and ME equivalency values of the amino acid supplements (NRC, 1994) were considered in the formulation. Requirements for the amino acids were met when necessary by adding crystalline amino acids to isocaloric diets. Needs for Met were provided by supplementation with DL Met; additional needs for total sulfur amino acids (TSAA) were provided by L-cystine to avoid possible imbalance of Met and Cys in diets low in CP. Diets were formulated to be isocaloric with 3,200 ME kcal/kg. A minimum dietary electrolyte balance (DEB) of 250 Meq/kg was stipulated with a minimum of 0.25% sodium and 0.2% chloride. Sodium chloride, sodium bicarbonate, and potassium bicarbonate were used to adjust the DEB. Diets were supplemented with a complete vitamin mix obtained from a commercial integrator. Choline chloride was used to provide 1040
Results and Discussion

mg/kg supplemental choline. A complete trace mineral
Analyzed CP values for diets with 22%, 20%, 18% and 2
Measurements: Birds were group weighed by pen at 21 d. Feed consumption during the period was determined by weighing the feed container at the start and the end of the study. Mortality was checked twice daily; birds that died were weighed with the weight used to adjust the feed conversion [FCR = total feed consumed ÷ (weight of live birds + weight of dead birds)]. Mixed diets were analyzed for the crude protein, total amino acids and supplemental amino acids.
Data analysis:
Pen means served as the experimental unit. Data were subjected to the analysis of variance (SAS Institute, 1991) as a complete factorial arrangement using the General Linear Models procedure. Mortality data were transformed to prior to analysis; data are presented as natural numbers. Main effects of crude protein levels, levels of added Gly, and levels of added Thr were considered along with all possible two way and three way interactions. The means for treatments showing significant difference in the analysis of variance were separated using repeated t-test using probabilities generated by the LS means option of SAS. All statements of significance are based on the 5% level of probability. 4Variable amounts of Gly, Thr, and corn starch. supplemental Gly on 0-21 d feed conversion broilers fed diets calculated to provide ratio of male broilers fed diets calculated t o recommended levels of essential amino acids provide recommended levels of essential amino (NRC, 1994) acids (NRC, 1994) 16% CP were in close agreement with calculated values and all other amino acids in all diets were in good ( dietary protein level and supplemental Gly, with a Addition of 0.2 or 0.4% Gly to diets with 20, 22, or 24% significant interaction between protein level and CP had little or no benefit. This is in agreement with a supplemental Gly (Table 3) . Birds fed diets with less previous report from our laboratory (Jiang et al., 2005) . than 22% CP had significantly reduced BW, even though There was no significant improvement in BW related to the diets met the minimum suggested amino acid the a ddition of Thr to the diet, nor were there any requirements (NRC, 1994) . Addition of 0.2 or 0.4% Gly interactions between or among Thr, Gly, and dietary CP. significantly improved overall performance, but the Feed conversion was also significantly influenced by improvement was greatest at the lower levels of CP, dietary CP level (Table 4) . Feed conversion worsened as resulting in the significant interaction (Fig. 1) . When Gly CP level reduced. Chicks fed diets with 20% CP had was added to diets with 16 or 18% CP, the 21 d BW was inferior conversion as compared to those fed 24% CP, significantly improved, although not completely restoring with chicks fed 22% CP intermediate between these two performance equal to that of diets with 22 or 24 % CP.
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groups. Feeding less than 20% CP resulted in ------------------------------------------------------------ conversion that was significantly poorer than that of birds requirements are based on limited studies, such as Gly fed 20% or more CP. Addition of Gly had no significant effect on feed conversion, and no significant interaction of dietary CP and Gly was observed. However, there was a trend to improved feed conversion when 0.4% additional Gly was added to diets with 16, 18, and 20% CP (Fig. 2) . Addition of Thr had no significant effect on feed conversion with no interaction among or between Thr, Gly, and dietary CP. Mortality did not vary significantly among chicks receiving all experimental diets (data not shown). Although all the essential amino acids levels in diets used in this study are above NRC (1994) recommended levels most of them tend to decline towards their minimum requirements as dietary CP levels decreases. It is possible that some essential amino acids whose and Ser, may become limiting. In comparison to the 1.25% level of Gly + Ser suggested by NRC (1994), Heger and Pack (1996) reported that Gly and Ser needs ranged from 1.5 to 1.6% at 17% CP up to 1.7to 1.8% at 23% CP. Schutte et al. (1997) recommended 1.9% of total Gly and Ser when birds were fed low CP diets fortified with amino acids. No response to Gly was observed in the present study in diets up to 18% CP at which point the diet contained 1.62% Gly+Ser. N o response was noted when Gly was added to diets containing 20% CP at which point the diets contained 1.85% Gly+Ser. Therefore, our results are in general agreement with the work of Heger and Pack (1996) and Schutte et al. (1997) in regard to minimum levels of Gly+Ser. This is also in tract. Another influencing factor might be the composition agreement with Almquist and Grau (1944) , Douglas et al. (1958) , Waterhouse and Scott (1961) and Ngo and Coon (1976) . The significant effect of Gly in low CP diets may be due to its role in uric acid formation. More research needs to be done on needs for individual amino acids in diets low in CP, especially for amino acids other than Lys and Met. High levels of crystalline amino acids were added to the low CP diets in order to maintain minimum recommended levels. There is always controversy with respect to the biological efficiency of free crystalline amino acids (Batterham, 1974; Sibbald and Wolynetz, 1985; Izquierdo et al. 1988) . However, Batterham (1974) and Batterham and O'Neill (1978) pointed out that the optimum utilization of crystalline amino acids could be achieved by the ad libitum feeding regime which would provide a constant flow of digesta to the gastrointestinal of the free amino acids. A balanced mixture of several crystalline amino acids may be more effective compared with supplying a single EAA to the diet low in CP. Further research needs to be conducted to investigate if a balanced mixture of EAAs added to low CP diets could support optimal broiler performance.
